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Measurement Properties of Subjective Magnituide Estimates of Word Frequency

John B. Carroll

Educational Testing Service

Abstract

Stevens' subjective magnitude estimation (SME) method was used in
obtaining estimates of relative word frequency from two adult groups
(15 lexicographers, 13 other adults) for 60 words ranging widely in
objective frequency. Lexicographers rendered more reliable estimates,
and their averaged data correlated more highly (.970) with obJjective
log frequency than those of the second group (.923). The objective
frequency of the first stimulus considered in the SME task is not
related to an S's overall accuracy in predicting objective frequency,
but accuracy is related to the S's tendency to perceive fraquency
ratios as relatively large. Subjective estimates measure something
slightly different from what is indexed by currently available objective

counts, and may be more valid measures of true word probability.




Measurement Properties of Subjective Magnitude Estimates of Word F:'equencyl

John B. Carroll

Educational Testing Service

The subjective magnitude estimation (SME) procedure developed by
Stevens (1956; 1958, p. 193) has been successfully applied by Shapiro
(1969) to the scaling of word frequency; Shapiro found correlations
of from .920 to .958 between subjective estimates and objective data
on word rfrequency when both variables were in logarithmic form. The
purpose of the present study was to examine the reliability of such
subjective estimates as a function of the number and characteristics
of the raters. A further purpose was to investigate individual
dif;ferences in the accuracy of subjective estimates (i.e., in the
‘correlations of Ss! Judg;nents with objective data) and in the exponents
implied by the power-law function. Consideration was given to whether
these differences are a function of the objective frequency of the
first word considered in the SME task, in view of the fact that the
response assigned to that word tends to establish the characteristics
of the arbitrary scale used by the S in making his subsequent responses.
There was also interest in whether evidence could be obtained as to
whether subjective estimates are more valid indices of true word

probability than currently available obJjective word-frequency counts.

Method
Subjects. Two samples of subjects were used. One (N = 15) was a
group of individuals who as a consequence of serving on the editorial

staff of the American Heritage Dictionary (Morris, 1969) had hed extensive
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experience in lexicography. These lexicographers might be expected

to have particularly accurate perceptions of word frequency. The other
sample (I_\I = 13) was composed of teachers, housewives, and other adults,
all with college educations, who volunteered for the study. Ss were
not paid for participation; they were allowed to perform the task at
their own convenience, but were cautioned not to refer to any objective
word-count data in making their judgments.

Materials. The stimuli were 60 words that had been used by
Shapiro (1969); these are listed in descending order of objective
frequency in the first column of Table 1. These words had been
selected by Shapiro to represent a wide range of frequency according
to two large frequency counts {Thorndike & Lorge, 194k; Ku¥era & Francis,

1967). In the second column of Teble 1, the raw frequencies assembled

by Shapiro are converted to SFI (Standard Frequency Index) values

according to the formula proposed by Carroll (in press):

' S_Ff_[=lO(loglO_f_+l+),
where f = frequency per million. The words were printed in three columns
on computer-output paper in the same random order that had been used
by Shapiro (1967, p. 194). Associated with each word, however, was
a computer-generated number to indicate the order in which the words
were to be considered in the judgment process; the rating form given to
each S had a different random order of these numbers, rang.ng from 1
through 60.

Procedure. With slight modifications, Shapiro's instructions for
the subjective magnitude estimation procedure were used. Ss were told
that their bask was to "tell with numbers" how frequently the words
occur in written English. "Give one of <the words any number that seems

appropriate to you. Then give numbers to the other words so that these
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numbers give your own impression of the relative frequency of these
words in written English. Thus, if a word seems 20 times as frequent
as another, give it a number 20 times as large. If, however, it seems
only half as frequent, give it a number only one-half as large.... 1t
is best to use a first number that is fairly large so that you have
room to move both up and down. You may use fracticns, decimals, or
whole numbers, but not negative numbers. You will not be timed. Work
at your own speed. There are no right or wrong answers. We are simply
interested in Jyour own judgments." After a brief practice in scaling

the words patron, salad, dictum, and mother, in that order, the S was

told: "On the accompanying sheet, the 60 words are listed in random
order, but each word is tegged with a number indicating the order in
which you are to take up the words. Please follow this order,

starting with (1), (2), ete., until you reach (60). It should not be
too difficult to skip around to find the order numbers.'" Ss #rote their
responses on blanks placed to the right of each word, and could at

any time inspect or change the responses they had made.

Results

For each S, the following statistical operations were performed:
(1) The numbers given for each word were converted to logarithms to
base 10; (2) the mean and S.D. of these log values were computed, and
the log values were then converted to 2-scores so that comparable
values for the words could be obtained over the different Ss; (3) the
correlatioﬁ between the log values and the SEI values was found, along
with the corresponding regression equations.

For each sample of Ss, the following statistics werw then computed:
(1) the mean and S.D. of the mean log values and of the mean z-scores;
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(2) for each word, the mean log value, the mean z-score value, and the
S.D. of the z-scores over the Ss; (3) over the 60 words, the correlations
between the objective SFI values and (a) the mean log values and (Db) the
mean z-scores, with the corresponding regression equations; (4) reliability
coefficients for individual and group-average z-scores by the methods of
Ebel (1951), indicating degree of inter-rater agreemenc.

The mean log values, the mean z-icore values, and the S.D.'s of
z-scores are given for each word and for each word in Table 1. Data are

also given for combined samples.

- em = e em em mm e em = am ;e

Sample 1 (N = 15 lexicographers) yielded significantly mor= rellable
estimates than Sample 2 (N = 13 other adults) as determined by severa.

criteria. As shown in Table 2, the raspective reliability coefficients

- e G mm em mm mm e wm = e = =

for individuel ratings in z-score form were .869 and .T46, significantly
different by Fisher's test (t =2.Cu, df = 11k, p € .05, each correlation
being based on n = 60 words). Using the Spearman-Brown prophecy formula
t0 boost the obtainei reliability for the average z-score ratings of
Sample 2 (.974) tc make it comparable with that of Semple 1, we obtain
.978, which is significantly different from the obtained reliability of
average ratings for Sample 1, .990 (t =2.16, p < .05). The mean square
errors for the two groups are also significantly different, .134 and .259
respectively (-1‘3708,826 =1.94%, p< .001). This difference is also
reflected in the fact that the median S.D. of z-scores over the 60 words
is significently lower in Semple 1, .327, than in Sample 2, .4h2 (by

Wilcoxon's test for nonindependent samples, z = 5.04, p < .001).

6




-5-

There is, however, a tendency for the individual z-scores to be
increasingly unreliable as the SFI values decrease, i.e. ,- as the
stimuilus words become less and less frequent in terms of objective
data. Table 3 shows average S.D.'s of z-scores by groups of words
according to SFI values. As seen there, the S.D.'s of z-scores yielded
by lexicographers tend to be in the neighborhood of .32 for all words
except those of lowest frequency, average SFI = 37.4, where their average

S.D. is .482 (F =9.6, p< .001). In Sample 2, however, the S.D.'s

5,5k

are generally higher than those of the lexicographers, and these S.D. 's

increase markedly as the SFI values decrease (_F_‘5 51 ="7.12, p < .001).
J

There was a small yet significant correlation (r = .272, df = 57, p < .05)

between the S.D.'s of z-scores in the two samples.

Using the reliability data obtained for the groups, we can estimate
standard errors of measurement for the individual z-scores and for the
averaged z-scores. These standard errors of measurement can also be
translated in terms of SFI units. The relevant results are given in
Table 3 for the two groups, and for the two groups combined. Some
explanation is in order. In the case of the z-scores derived for an
individual's Jjudgment for a particular word, the reliabilities and
mean square errors are those computed by Ebel's (1951) method. The
standard errors of measurement in z-score units are the square roots
of the meansquare error values. To translate these into terms of SFI
units, it 1< assumed that the correlation between z-scores and SFI values
is unity; since the z-scores for any given individual have an S.D. of
unity, we multiply the standard errors of measurement by the S5.D. of

the SFI values, which is 13.896.
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In the case of the averaged z-scores, the reliebilities are those
obtained by the Ebel method. The standard errors of measurement are
then obtained by the formula S.E. . . = OE\/J__—_E, where o, is the S.D.
of the obtained averaged z-scores for the words. Translation of thase
standard errors of measurement into SFI units agein assumes perfect
correlation between the SFI values and the averaged z-scores; however,
since the S.D.'s of these averaged z-scores are not unity, we multiply
the standard errors of measurement by the ratio of the respective standard
deviations, i.e., 13.896/oz .

In all cases thel95% :onfidence limits are obtained by multiplying
the standard errors of measurement by 1 1.960 to include 95% of the
ares, in the normal cﬁrve.

These results imply that if we regard an individual's Jjudgment of
the frequency of a particular word as an independently valid measure,
ard translate it into SFI units by the formula: SFI = 56.3 T 13.9z,
the resulting value will be within ¥ 9.95 or + 13.85 of the '"true'" value
95% of the time, depending on whether he is a lexicographer or a
nonlexicographer, respectively. Roughly speaking, this means that an
individual can usually judge word-frequency within one order of magnitude.

Similarly, if we regard the pverage z-score value given to a word
by a group such as our samples as an independently valid measure of
frequency, and translate it into SFI units by the formule SFI = 56.3 T 13.95/02,
the resulting value will be within T 2.72 or T 4.35 of the "true" value
95% of the time, for groups of lexicographers and nonlexicographers,
respectively. This degree of accuracy is attained when data are averaged
over sbout 1I raters, but even higher reliabllity coefficients and

tighter confidence limits are cbtained by using data averaged over all

28 raters, as shown in Table 2.
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It is of interest, of course, to consider to what degree the
individual and averaged estimates (in terms of both log values and
z-score values) are actually correlated with SFI values. First consider
the correlations for z-scores derived for particular individuals. (In
this case the correlations with SFI are the same for log values and for
z-scores since tﬁé latter are linear trensforms of the former.) Lexicog-
raphers' subjective estimates tended to be more highly correlated with
objective frequency ratings than those of the other sample. For
them, the correlations ranged from .781 to .972 and had a median of
.921, whereas for the other adults, the correlations ranged from 657
to .918 and had a median of .827; these medians are significantly
different by the Mann-Whitney test (z = 3.25, p< .01).

The two procedures of averaging individua’ ratings gave only
slightly different results. When individual log values were averaged,
the correlations with SFI values were OT4 and .929 in the two samples,
respectively; these are significantly different by Fisher's test
(t = 2.76, 4f =114, p < .01). The correlations for averaged z-scores
were .9T0 and .923, respectively, again significantly different
(t = 2.53, p < .02). For data averaged over the combined samples, the
correlationsgﬁere .966 for log values and .959 for averaged z-scores.
All these correlations, of course, are highly significantly different
from zero, being based on n = 60. The two sets of scores had an
intercorrelation of .95T7 both for average log scores and for average
z-scores. This result will be remarked on in the discussion.

A feature of the subjective magnitude estimation procedure is that
it enables determination of a "psychophysical” relation between objective
experience and subjective Judgment. If we assume Stevens' power law

to apply in the case of word frequency judgments, the relationship should

E}




be of form

or, taking logarithms,

log j = log & Tm log £,
where j = judged frequency and f = objective frequency, and where 2 and
f both have arbitrary origins and units. There is interest in the
magnitude of the exponent m, since it expresses how rapidly subjective
frequency increases as a function of experienced frejwancy. - The
value of the constant & is, however, dependent solely on the origins
of the scales in which the measurements are expressed. The present
date yield some evidence on the values of these constants.

First, consider -the case where the judgment is assumed to be
perfectly correlated with the experienced frequency. The standard
deviation of the SFI values of the stimuli used in this experiment was
13.896, but since the SFI values represent logarithmic values multiplied
by a factor of ten, we may take the standard deviation of the log
frequencies as being equal to 1.390. The standard deviations of the
log values assigned by each individual over the words were obtained.
The retios of these standard deviations to the S.D. of the stimulus
logs may then be regarded as representing values of m. For Sample 1
(lexicographers), these ratios ranged from 410 to 2.041, with a median
of .91T; when the ratio is based on the S.D. of the averaged log values,
it becomes .854. For Sample 2, the individual ratios ranged from
536 to 1.48 with a median at .654; on the basis of the averaged log
values the ratio is .685. Thus, on the assumption of a perfect
correlation between judgment and experienced frequency our samples
tend slightly to underestimate ratios of frequencies, since the ideal
logarithmic ratio would be 1.00. Nevertheless, there are wide

Q individual differences, attributable partly to differences in people's
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perceptions of ratios of word frequencies and pertly, perhaps, to
differ=nces in their habits of handling numbers.

When the regressions of log values on SFI values (divided by 10)
are considered, the ratios are obtained directly from the slope
coefficients. Regression equations were obfained for each individual
and for awf/eraged data. TFor Sample 1, the ratios ranged from .358 to
1.946 with a median at .868; on the basis of averaged data, the ratio
was .832. For Sample 2, the ratios ranged from .379 to 1.22T7 with
e median of .507; for averaged data, the coefficlent was .581.

There is no particular interest in the values of {log a) since
these values merely indicate the log values that would presumably
(by extrapolation) have been assigned to a word having a value of
SFI = 0. It happens that SFI is scaled so that it takes the value

of O when the word probability is 1070

, or 1 in 10 billion. Thus,
these values of (log g._) are a function of the general sizes of numbers
employed by the Ss. However, it is of some interest to note that the
values of averaged z-scores corresponding to SFI = 0 were -3.6TT for
Sample 1 and -3.270 for Sample 2, based on the regression equations of
averaged z-scores on SFI values. These numbers, of course, are well
outside the range of averaged z-values actually obtained, a result that
is reasoneble in view of the fact that there were no stimulus words

as rare as one with a probability of 10710,

Requiring each subject to consider the words in a different random
order made it possible to investigate whether the relative frequency
of the first word considered made for differences in the accuracy or
other aspects of the subjective judgments. It was thought that the
objective relative frequency of that word might influence the number
that the subject would assign to the word, and in that way also

influence the characteristics of the scale used for the subsequent

11
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judgments, and indirectly, the accuracy of those judgments. Over the
combined samples (N = 28), there was acorrelation of 458 (p < .05)
between the SFI of the first stimulus word and the log value of the
number assigned to it; the corresponding correlation with the z-score
derived from that log value wes .922 (p < ,001). This means that Ss
tend to choose a "first number'” or anchor value in accordance with

its perceived relative frequency. (This is not always the case; one

§ assigned "1" to the first word, which was other, with SFI = 72.2, and
still managed to render highly accurate judgments by using mainly
fractional numbers for the remaining words.) The log of the "first
mumber" chosen by the Ss wes significantly correlated (r = .655, p < .01)
with the mean log response to all words, & result that suggests that
this number tends to establish the scale on which the remaining words
are judged. Nevertheless, the log magnitude of that number was not
significantly correlated (r = .122, p> .05, with no evidence of
significant curvilinearity) with an S's accuracy in estimating objective
frequencies, when accuracy is indexed by the correlation between the
log of his subjective judgment and SFI. Nor was the average log value
of an S's responses over all stimuli significantly related to his
accuracy (g = -,120). The standard deviation of the log values of his
responses, however, was significantly correlated with his accuracy

(r = .433, p < .05).

We may conclude fram these data that although the objective
relative frequency of the first word considered has some influence on
the scale used for the subsequent words, it does not influence the
accuracb; of the judgments. It is immaterial, in the SME task, whether
the first word Jjudged is a high, medium, or low frequency word. However,

there is a tendency for Ss who perceive frequency reatios as relatively

12

VP B T B S A e, e s N e e




-11-

large to render more accurate estimates than Ss who perceive frequency

ratios as relatively small.

Discussion

The data give evidence that the subjective estimates are consistently
deviant from the objective frequency values. The correlation between
the two sets of averaged z-scores was .95T; the two sets correlated
with SFI values to the extent of .970 and .929, respectively. If we
partial out the SFI variable, the inter-set correlation stands at
.657 (df = 57, p < .001). This result suggests that the subjective
estimates of frequency are not measuring exactly the same thing as
the objective data. There arises the question of which of these measures
is more valid with respect to "true" word probebility. It can be
argued that the subjective estimates are more valid, on the grounds
that objective frequency counts such as the Thorndike-Lorge count are
subject to biases of various kinds in sampling, in establishing units,
etc., and that human observers are better able to discount such biases.
Furthermore, the samples used in objective frequency counts, seldom
more than a few million tokens, are small in comparison to the number
of tokens experienced by the human observer over his lifetime. Objective
frequency counts are particularly subject to bias in the case of words
of low probebility. | If the true probability of a word is less than l/g,
where N is the number of tokens in a sample, and if that word appears
at all in the sample, by chance, its observed probebility is at least
1/N, a value that is biased upward. For example, a word with a true“
probabilityof l in a million that happens to occur once in a sample of
1000 words will have an observed probability of 1 in a thousand. In

the present data, 1t can be observed by plotting z-scores against SFI

ERIC 13
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values that particularly in the case of low frequency words, the
z-scores are relatively lower than the SFI values in relation to the
line of equivalence (the line of equal stendard deviation scores for
the two variebles). Thus, the argument that subjective estimates
are more valid than objective data tends to be stronger in the case
of low frequency words.

Ultimately, the question of the validity of subjective estimates
can probably be settled only by comparing them with data obtained
from much larger and more refined frequency counts than are currently
available. The high degree of precision that can be attained by
averaging SME data over relatively small nunbers of raters recommends
this technique as likely to be useful in assessing the frequency
attribute of stimuli in verbal learning expgriments. By their very
nature, subjective estimates reflect perceived frequency and hence have

more immediate psychological relevance than word count data.

14
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Word

the

of

and

that

as

by

you
when
other
after
each

few
again
night
next
early
half
result
music
final
list
couple
price
actual
base
spread
address
scale
suit
humor
swift
victim
anchor
convert
charter
stride
switch
volcano
heritage
superb
skirmish
cloister
dissent
thud
straggle
vicar
shank
ignite
cryptic
veterinary
modulate
drivel
abduct
torpor
dill
ocular
pachyderm
spicule
grout
echidne

-15-

Table 1

Mean I.og Values, Mean z-Scores, and Standard Deviations of z-Scores, for

Sample 1, Sample 2, and Combined Samples, for Subjective Magnitude

OWDNOW®PW NG H A ENN I W DU Oy

NNOOONOOPPOOODOPPOOP®UNO OV DPAO O &

Estimates of 60 Words, with SFI Values of the Words

Sample 1 (N = 15)

Sample 2 (N = 13)

Combined Samples (N = 28)

i —
O
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Z
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.34
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.328
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264
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.3
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.327
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418
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.22
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.348
.215
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.226
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.384
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.616
.T19

Mean
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.18
.20
.14
.07
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1.46
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1.0
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1.09
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97

.82

.89
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.34
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493
.336
459
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457
419
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Lhs
.521
.358
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Mean
Log
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.28
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.01
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™
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.370
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.372
. 389
sk
L6k
1413
.292
.323
.381
.20
.319
251
.361
.322
.201
LLhs
.346
oL
.324
.364
L6
465
.378
307
.279
297
.323
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489
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.375
.399
.380
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.393
12
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465
371
.695
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.564
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Table 2

Reliabilities, Standard Errors of Measurement, and

Confidence Limits for Individual and Averaged Estimates

Sample 1 Sample 2 Combined
(Lexicographers) (Other adults) Samples
Individual z-Scores for Words (N=15) (N =13) (N = 28)
Reliability .869 .T46 .801
Mean square error 134 .259 .203
S.Ee cpemt (z-scores) .366 .509 450
S.Ee oemt (in SFI units) 5.079 7.068 6.253
95% Confidence limits (SFI units) 9.955 +13.852 +12,256
Averaged z-Scores
Reliability .990 9Th - .991
o, 937 .875 .899
S.E. cosmt .098 .140 .08l
S.E. cncmt (in SFI units) 1.390 2,22k 1.303
95% Confidence limits (SFI units) 12,724 4,359 2,555
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Table 3

Mean Standard Deviations of z-Scores, by Ranges of SFI

No. of Mean Mean g of z-scores
SFL Words SFI Semple 1 Sample 2
80-89.9 n 84.7 .365 334
T0-79.9 6 4.5 .323 426
60-69.9 14 64.1 .319 .348
50-59.9 14 55.5 .255 L5k
4L0-49.9 12 45.1 314 491
30-39.9 10 37.4 482 646
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